Abstract. Orotate phosphoribosyl transferase (OPRT) is the initial enzyme of 5-fluorouracil (5-FU) activation, in which 5-FU is converted to 5-fluorouridinemonophosphate. Dihydropyrimidine dehydrogenase (DPD) is a degrading enzyme that catabolizes 5-FU. In this study, we investigated the expression of these enzymes in normal prostate gland (NP), hormone-sensitive prostate cancer (HSPC) and hormonerefractory prostate cancer (HRPC). Forty-two prostatic tissue specimens were obtained from patients who had undergone prostate needle biopsies without any treatments or with PSA failure after initial androgen deprivation. The tissue samples derived from formalin-fixed, paraffin-embedded sections were made by laser-captured microdissection and from those RNA was extracted. The levels of OPRT and DPD mRNA expression were examined by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). The level of OPRT mRNA expression in the HSPC or the HRPC specimens was significantly higher than that in the NP specimens. Immunohistochemical staining for OPRT revealed strong expression of OPRT in prostate cancer cells. There was a significant correlation between OPRT mRNA expression levels and the tumor pathological grade. Furthermore, the OPRT/DPD expression ratio, a powerful predictive factor to evaluate 5-FU sensitivity, in the HRPC group was significantly higher than that in the low grade HSPC group. Thus, 5-FU may be an effective option for some HRPC patients.
Introduction

5-Fluorouracil (5-FU) is a chemotherapeutic agent used against a variety of cancers, including prostate cancer (1-4).
A previous study has demonstrated that the response rate of single agent 5-FU against hormone-refractory prostate cancer (HRPC) was ~30% (2). 5-FU is converted to the active metabolic forms, fluorodeoxyuridine monophosphate (FdUMP), which exerts its anticancer effect through the inhibition of thymidylate synthase (TS), a key enzyme of DNA synthesis. Dihydropyrimidine dehydrogenase (DPD) is the first and rate-limiting enzyme of 5-FU catabolism and degradates 5-FU (5) . Some studies have demonstrated that DPD expression was elevated in those cancer cells which had a low sensitivity to 5-FU (6, 7) . In the anabolic pathway of 5-FU, orotate phosphoribosyl transferase (OPRT) is the most important enzyme for phosphorylation of 5-FU. It metabolizes 5-FU to 5-fluorouridinemonophosphate (FUMP), which predominantly inhibits RNA synthesis (1) . Recent studies have suggested that the increased expression and activity of OPRT induces a high sensitivity to 5-FU in several tumor types (8) (9) (10) (11) . Although there have been some studies showing the therapeutic efficacy of 5-FU in some HRPC patients (3, 12, 13) , the sensitivity to 5-FU in individual prostate cancer patients remains difficult to predict.
The quantitative analysis of the expression of the above enzymes may contribute to the prediction of the efficacy of 5-FU administration and the overall outcome in prostate cancer patients. In the present study, we investigated the correlation between the expression of OPRT and DPD and tissue characteristics such as malignancy, pathological grade and hormone sensitivity.
Materials and methods
Patients and tissue samples. We obtained 37 specimens of prostate cancer that were collected by needle biopsy at Osaka City University Hospital. The specimens comprised hormonesensitive prostate cancer without any treatments and hormone-refractory prostate cancer with PSA failure after the initial androgen deprivation. The pathological data of those samples are listed in Table I . A total of 5 biopsy specimens with normal prostate gland were obtained from patients who had been diagnosed as having no malignancy.
Microdissection.
A representative formalin-fixed, paraffinembedded tumor specimen was selected by a pathologist after examination of the hematoxylin and eosin-stained slides. Sections (10 μm) were stained with neutral fast red to enable visualization of histology for laser capture micro-dissection (P.A.L.M. Microlaser Technologies AG, Munich, Germany), which was performed to ensure that only tumor cells were studied. Tissue collected from specimens confirmed by histopathology as having no cancer invasion was considered to be normal tissue.
RNA extraction and cDNA synthesis. RNA was isolated from formalin-fixed, paraffin-embedded (FFPE) specimens using a novel, proprietary procedure (Response Genetics, Los Angeles, CA: United States Patent Number 6,248,535). After RNA isolation, cDNA was derived from each sample according to a previously described procedure (14) .
PCR quantification of mRNA expression. Target cDNA sequences were amplified by quantitative PCR using a fluorescence-based real-time detection method [ABI PRISM 7900 Sequence Detection System (Taq Man); Applied Biosystems, Foster City, CA], as previously described (15, 16) . The 25 μl PCR reaction mixture contained 600 nmol/l of each primer (Table II) , 200 nmol/l each of dATP, dCTP and dGTP, 400 umol/l dUTP, 5.5 mmol/l MgCl 2 and 1X Taq Man buffer A containing a reference dye (all reagents were supplied by Applied Biosystems). The PCR conditions were 50˚C for 10 sec and 95˚C for 10 min, followed by 42 cycles at 95˚C for 15 sec and 60˚C for 1 min. OPRT and DPD mRNA levels were quantified as ratios between two measurements (target gene/ß-actin).
Immunohistochemistry. A Vectastain ABC kit (Vector Laboratories, Burlingame, CA, USA) was used for immunohistochemical staining according to the manufacturer's instructions. After deparaffinization and rehydration, sections were incubated with 0.03% hydrogen peroxide in methanol for 30 min and treated sequentially with normal goat serum, polyclonal rabbit antibody against human OPRT (1:1500 dilution, Taiho Pharmaceutical, Saitama, Japan) overnight at 4˚C. The secondary antibody with the avidin-biotin-peroxidase complex was visualized using diaminobenzidine. The sections were counterstained lightly with hematoxylin for microscopic examination. Control immunohistochemical staining was performed using no primary antibody and preabsorption of the primary antibody with antigen prior to incubation.
Statistical analysis. Data analysis was performed using a Student's t-test. P<0.05 was considered to denote statistical significance.
Results
OPRT mRNA expression in normal prostate gland (NP), hormone-sensitive prostate cancer (HSPC) and hormonerefractory prostate cancer (HRPC) specimens.
OPRT mRNA expression levels in hormone-sensitive prostate cancer (HSPC) tissues or hormone-refractory prostate cancer (HRPC) tissues were significantly higher than those in normal prostate gland (NP) tissues respectively (p=0.046, 0.007), as shown in Fig. 1 .
OPRT mRNA expression in relation to the pathological grade.
OPRT expression levels in HRPC were significantly higher than those in hormone-sensitive low grade tumors (well and moderately differentiated adenocarcinomas) (p=0.035; Fig. 2A ).
The expression levels of OPRT in specimens with a Gleason score of <7 were significantly lower than those in specimens with a Gleason score of ≥7 or HRPC respectively (p=0.045, 0.045; Fig. 2B ).
OPRT/DPD expression ratio in relation to the pathological grade. There was no significant difference between DPD mRNA expression and the tumor pathological grade (data not shown). It has also been shown that a high OPRT/DPD ratio correlates with a good response to 5-FU-based chemotherapy in colorectal tumors. The OPRT/DPD Table I . Characteristics of 37 prostate cancer specimens. Poor (HRPC) 10
Well, well differentiated adenocarcinoma; mod, moderately differentiated adenocarcinoma; poor, poorly differentiated adenocarcinoma and HRPC, hormone-refractory prostate cancer.
-------------------------------------------------
expression ratio in HRPC specimens was significantly higher than that in hormone-sensitive low grade tumors (well and moderately differentiated adenocarcinomas) (p=0.021; Fig. 3 ).
Expression of OPRT protein in relation to the pathological grade.
The immunohistochemical staining for OPRT revealed the strong expression of OPRT in the specimens with both hormone-sensitive poorly differentiated adenocarcinomas and HRPC (Fig. 4) . The pattern of granular staining was detected around the nucleus and in the nucleus of cancer cells as demonstrated by the immunohistochemical findings. On the contrary, the level of OPRT staining in normal prostate gland tissues was very weak. Furthermore, OPRT expression was observed in a homogeneous pattern within the cytoplasm of hormone-sensitive well and moderately differentiated adenocarcinoma cells.
Discussion
This study demonstrated that the mRNA expression levels of OPRT in prostate cancer with or without hormone sensitivity were higher than those in normal prostate gland, that the levels of OPRT expression in the specimens with HRPC were higher than those in hormone-sensitive low grade prostate cancers, and that the levels of OPRT expression in specimens with a Gleason score of <7 were lower than those in specimens with a Gleason score of ≥7 or HRPC, using quantitative RT-PCR ONCOLOGY REPORTS 21: 33-37, 2009 Table II. PCR primers and probes. analysis. OPRT metabolizes 5-FU into FUMP as the initial step of the 5-FU metabolic pathway. In several tumor types, a high expression of OPRT is associated with a high sensitivity to 5-FU-based chemotherapy. In urological tumors, Mizutani et al reported that a high level of OPRT expression was correlated with high grade tumors, advanced clinical stage and a high sensitivity to 5-FU in renal cell carcinoma and bladder cancer (17, 18) . Miyoshi et al demonstrated that high OPRT expression levels were correlated with high grade tumors in hormone-sensitive prostate cancer (19) .
-----------------------------------------------------------------------------------------------------Primer/Probe Sequence -----------------------------------------------------------------------------------------------------
DPD is a catabolic enzyme in the degradation of 5-FU. In some tumors, the high DPD expression is correlated with resistance to 5-FU, tumor aggressiveness and a poor prognosis (20) (21) (22) . Moreover, a higher OPRT/DPD expression ratio has been associated with a good response to 5-FU and longer survival in metastatic colorectal tumors (23) . Our data revealed that the OPRT/DPD ratio in HRPC was significantly higher than that in low grade HSPC. Interestingly, the pattern of immunohistochemical staining and distribution of OPRT expression in high grade HSPC or HRPC was different from that in low grade HSPC (Fig. 4) . Oeda et al demonstrated that the pattern of immunohistochemical staining and distribution of OPRT expression in gastric cancer cells were altered by tumor aggressiveness (24) . To the best of our knowledge, this study is the first to exhibit the expression of OPRT and DPD in the specimens with HRPC. Theoretically, HRPC with high OPRT and low DPD expression may have potential sensitivity to 5-FU. With respect to the biological findings, the exogenous overexpression of OPRT enhances the effect of 5-FU on gastric cancer cells (25) . On the contrary, downregulation of OPRT with a small interfering RNA decreases the sensitivities of some tumor cells to 5-FU (8) . Further studies are necessary to elucidate the association between OPRT expression and 5-FU sensitivity in prostate cancer cells. Recently, Miyazaki et al demonstrated that some chemotherapeutic agents and cytokines influenced the expression of 5-FU metabolic enzymes and the sensitivity to 5-FU in colon cancer cells (26) . Wada et al revealed that the synergistic antitumor effect of docetaxel and S-1 was induced by downregulation of the expression and activity of DPD and upregulation of those of OPRT via biochemical modulation of two drugs in gastric cancer cells (9) . In the future, the regulation of OPRT and DPD by the novel biochemical modulation may contribute to the efficacy of 5-FU-based chemotherapy against HRPC. 
